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Abstract
Background: The transition of the energy system to renewable energy depends on how successfully the national
objectives can be implemented at the lower planning levels. Germany pursues an incentive-oriented policy that is
not spatially targeted and lets regional and local stakeholders determine where and how renewable energies are
used.
A core question is how to achieve the national goals, in a federal system that allows freedom of planning for the
local communities. The aim of this paper is to show the discrepancies between the current expansion of wind
energy and the necessary expansion that is derived from a scientific analysis.
Methods: The study examined the policy objectives for the expansion of wind energy, based on a literature
analysis. In a second step, the regulatory competences and spatial planning at the various levels and their influence
on the expansion were explored. In a third step, the current procedure was compared with scientific scenarios of
the energy system in 2050 and concretized using the example of the Hannover Region.
Results: The theoretical and empirical analysis shows that people at regional level underestimate their responsibility
for contributing to energy transition. The expansion targets for wind energy in the Hannover Region projected in
the scientific scenario are above the minimum demand that the local authorities have assumed. The same applies
to the state of Lower Saxony, which underestimates its own wind energy potential and thus its necessary
contribution to achieving the national targets.
Conclusions: We propose a nationwide coordinated strategy for the successful implementation of the energy
transition. With the methodology described, regional targets can be determined and the responsibility of the
region and the local actors can be clarified. With the help of spatial planning and public participation, the energy
transition can be achieved with this approach.
Keywords: Energy transition, Implementation of climate targets, Regional planning, Wind energy
Background
Climate protection is one of the central challenges of the
twenty-first century—in Germany and worldwide. At the
Paris Climate Conference in 2015, international climate
protection agreements were established to combat cli-
mate change, which were subsequently incorporated into
national climate protection plans. At the international
level, increased efforts are made to accelerate the radical
restructuring of the economy and energy supply and to
achieve the very ambitious goals. The necessity of taking
action and activating all societal actors has become clear.
Numerous scenarios show that the longer implementa-
tion is delayed, the greater the technical and economic
challenges will be. The coming years will be decisive in
addressing climate change [1]. For this reason, targets
for the use of renewable energies have been formulated
in more than 150 countries worldwide. Targets focus on
achieving a certain share of the total electricity gener-
ation with renewables, a certain mix of renewable ener-
gies or the capacity for certain renewable technologies
[2]. Long-term targets are important instruments that
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provide investment security and long-term revenues for
operators [1].
Germany committed itself in Paris to reducing green-
house gas emissions by 80 to 95% by 2050 [3]. In order
to achieve this, the government has decided to funda-
mentally restructure the energy system, as the energy in-
dustry accounts for a large share of greenhouse gas
emissions (around 40%) [3]. The resulting necessary ex-
pansion of renewable energies by 2050 must use natural
resources efficiently and find acceptance in society. In
view of the strong competition for land use in both rural
and urban areas, this also means that renewable energies
must be expanded to the most efficient extent to save
space, as “pressure on land” is growing.
In recent years, various studies have focused on the
energy yield potential in Germany and the possible de-
velopment paths. In addition to models in which the
focus is on reducing greenhouse gases [4–6], there are
analyses to calculate the energy yield potential and na-
tionwide spatial analyses to determine the potential area
needed for individual energy sources (e.g. [7–10]).
Despite the very different assumptions and investiga-
tion methods in the scenarios, the studies unanimously
show that the area available in Germany is sufficient to
sustainably achieve the required energy supply from re-
newable energies. However, these studies on the transi-
tion of the energy system over the past 10 years have
not been able to effect the necessary expansion of those
technologies. Although renewable energies can now
meet approximately 38% of electricity consumption,
wind energy shows a significantly lower increase espe-
cially in 2018 [11]. The previous spatially unspecific in-
centives for expansion have caused environmental
impacts and met with resistance among local stake-
holders. Since suitable technologies are now available
and studies show that the potential area is sufficient, the
lack of wind energy expansion is assumed to be related
to the planning and allocation of wind turbines.
Obviously, the current and past strategies for imple-
menting the expansion targets for renewable energies
are not efficient enough. Germany pursues an incentive-
oriented policy without spatially specific targets. Further-
more, decisions about where and how renewable energy
plants are located are made at the state, regional and
local level. At the national level, the overall implementa-
tion goals for the lower planning levels have not been
specified, possibly to avoid too much top-down regula-
tion that is unnecessary and politically difficult.
The current literature lacks an overview of the objec-
tives at all federal levels. Only if the objectives are clearly
defined, the implementation on local level can be started
stringently. The existing analyses of particular funding
or implementation instruments, therefore, do not go far
enough. They offer good tools for assessing the degree
to which instrument in question achieve targets, but they
always assume that the objectives have been clearly and
correctly defined. In contrast to this, the present paper
shows an overarching view and reveals the discrepancies
in the hierarchy of targets. Only if these are clearly coor-
dinated can the appropriate supporting instruments for
energy transition be found. A core question for success-
ful energy governance in Germany is, therefore, how can
the national goals be achieved sustainably, in a federal
system that allows local communities a strong freedom
of planning?
In this context, we will explore economies of scale and
the assumption that incentives only, and the understand-
ing of regional authorities, are sufficient to achieve the
supra-regional objective of sustainable transformation to
renewable energies. We will do this, on the one hand,
with the theoretical discussion of governance options
and, on the other, through the investigation of a con-
crete case study. Lower Saxony and the Hannover
Region consider themselves to be forerunners of climate
protection. They have experience with onshore wind en-
ergy for more than two decades, both in production and
construction as well as in planning. Therefore, the “En-
ergy state Lower Saxony” [12] should serve as good role
model for achieving energy targets.
Finally, we will report on possibilities for further devel-
opment of governance in the field of renewable energies
in Germany.
Which renewable energy governance solutions should be
considered in Germany?
The conflict between goals on high political levels and
unsatisfactory implementation on the local level could
also be described as a mechanism of spatial, functional
or institutional mismatch [13–15].
These mechanisms are known, for example, from na-
ture conservation. They occur when functional areas de-
fined by nature conservation objectives, such as nature
conservation areas or river catchment areas, exceed the
political boundaries of the institutions responsible for
management. Scale problems also arise when an area or
landscape element is considered valuable on a higher
political level (as in the case of the priority species of the
European Habitat Directive), but control is left to a
lower level. Furthermore, local interventions can become
significant at the higher level if they occur in large num-
bers and the cumulative effects, e.g. the hedgerow re-
moval, lead to regional or Germany-wide risks of
biocoenosis [16].
The character of many environmental resources as
collective goods leads to the fact that local activities
often benefit from the exploitation of natural resources
but do not bear the costs. On the other hand, those local
actors have to bear the costs of preserving valuable
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ecosystems without directly experiencing the benefits
(e.g. for future generations) [17]. To resolve these scale
effects, different approaches are discussed in the
literature.
On the one hand, arguments are put forward to the ef-
fect that responsibility for environmental matters should
be placed at national or even supra-national level. Actors
at higher spatial levels have greater technical problem-
solving competence and often better resources for im-
plementation [18].
On the other hand, arguments found in the literature
(see a more detailed discussion concerning renewable
energies in [16]) put the local level in the foreground of
implementation strategies and support the bottom-up
strategy. In many cases, objectives at higher levels are
defined in relatively general terms and must be made
more concrete on site, often with great scope for local
actors to determine the details. For example, different
local conditions have led to decisions that are positive
for the environment. In such cases, these decisions
include the local knowledge, local participation, the self-
organization of local interest groups, mutual trust
between actors and social control, e.g. with regard to
compliance with agreed rules [19, 20].
The problem of the spatial fit of responsibilities is also
evident in the field of energy transition. The fundamen-
tal problem, climate change, can clearly be seen at the
international level. However, it is still unclear how re-
sponsibility for the environmentally friendly develop-
ment of renewable energies can be broken down from
the federal level to the locally responsible without failing
to meet the targets.
The local/regional political level makes decisions about
renewable energy allocation. However, the majority of
citizens do not benefit directly from the installation of
wind power plants or big energy crop cultivations in
their region—even if this is done in the name of fighting
global climate change. The policy objective remains ab-
stract, and stakeholders do not understand what their re-
sponsibly is in terms of local contribution to halt climate
change. The motto: “Think global act local” is not
operationalized.
In such cases, the implementation of the more
general overarching objectives can only be ensured if
the higher authorities do not delegate their compe-
tencies. This means that control mechanisms that
measure compliance need to be introduced, and if
necessary, sanction deviations would need to be put
in place at the next higher level. The draft Lower
Saxony Climate Protection Act, for example, pro-
poses requirements for the expansion of wind energy
in municipalities. However, the government coalition
has not reached an agreement on concrete specifica-
tions [21]. Parts of the state government consider
the federal level to be responsible for climate protec-
tion and therefore want to wait for the national cli-
mate protection law before developing their own
legislation.
The distribution of tasks in environmental manage-
ment is crucial in order to develop suitable structures
for implementation and to achieve the targets. The 12
normative principles for the distribution of tasks in en-
vironmental management proposed by Mostert [22]
serve as a yardstick for assessing whether a task is at the
right scale level. These principles are helpful in the prac-
tical application of energy governance. Mostert [22]
states that the distribution of responsibilities should re-
spect the following principles:
(1) Capacity: responsibility for specific tasks is given to
actors that possess or can develop the resources
needed to perform these tasks well.
(2) Lowest social costs: minimize total costs for society.
(3) Causation: polluter pays principle.
(4) Interest: those with an interest in a management
task should be (financially) responsible.
(5) Scale: the management scale should match as much
as possible the scale of the management issues.
(6) Subsidiarity: tasks should be performed at the
lowest possible level.
(7) Structural integration: responsibilities for closely
related tasks should be combined in one hand.
(8) Separation: tasks should be allocated to different
actors.
(9) Solidarity: the risks and burdens to which individual
members are exposed should be borne by the group
as a whole.
(10)Transparency: the allocation of responsibilities
should be clear.
(11)Stability: the allocation of responsibilities should not
change too often, but it should be adapted to
changing circumstances.
(12)Acquired rights: acquired rights should be
respected and if necessary compensation should be
offered.
The increased demands for coping with national and
international challenges, such as climate change, should
be reconciled with the traditional rights and interests of
local politics in co-determination (see principle 12 ac-
quired rights) and the local population in participation
[22]. In particular, Mostert [22] emphasizes the capacity
principle (1) because a level that lacks the resources to
take on a task cannot be entrusted with it or the capacity
should be increased. At the same time, collective and indi-
vidual responsibility at the local level is limited by the
available capacity. With respect to the problem considered
here, this means that better governance of renewable
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energy should take place in a clear framework of national
targets, but should leave as much discretion as possible
allowed by the capacities at the lower level.
Also, the principles illustrate how good governance
can help implement the energy transition. For example,
the polluter pays principle (3) points out that we are all
co-causers of climate change and should carry the bur-
den accordingly. There is sufficient interest (4) to press
ahead with the energy transition. This can be seen in the
elaboration of the state and regional plans, in which
“substantial space” is already given to wind energy by ap-
propriate land designations. The interest at the local
level remains unclear, but it could be motivated by the
federal level through incentives for a sustainable energy
transition. In order to achieve the national targets, the
lower levels can be given sufficient leeway for adapted
solutions reflected in principle 5 of the appropriate scale.
In accordance with the principles of subsidiarity and
separation (6 and 8), the achievement of objectives could
be shifted as much as possible to the lower level without
jeopardizing the overall objective. In order not to put
too much strain on solidarity (9) among the municipal-
ities and regions subject to different burdens, incentives
for energy transition and balancing mechanisms must be
provided at the national level. If the path towards this is
transparent (10) with stable responsibilities (11), the en-
ergy transition could be implemented in the existing
structures, but new structures are necessary for the ob-
jectives and control at the federal level.
These principles may contradict each other in prac-
tice, but they form a good framework for decision-
making in order to evaluate whether a task is on the
right scale. The correct allocation of responsibilities
to different decision-making levels will help to achieve
better governance results and thus the national cli-
mate targets.
In the following, we will examine whether such a
strategy would lead to a different energy policy in
the Hannover region. Using the example of Lower
Saxony and the Hannover Region, we will first
examine the current energy targets and their imple-
mentation within the framework of German climate
policy. These political goals will be compared with
scientific studies on energy scenarios and the result-
ing new need for action at the various political
levels.
Methods
The analysis of the current objectives and responsibil-
ities of the three levels of investigation, i.e. federal, state
and region, is based on a literature analysis. The study
examined the policy objectives for the expansion of re-
newable energies with a focus on wind energy use. In a
second step, the regulatory competences and spatial
planning at the various levels and their influence on the
expansion of wind energy were explored. In a third step,
the political targets for energy expansion were compared
with a scientific approach to implementing the energy
transition. The projected future energy demand requires
an even greater expansion of wind energy, which can be
spatially delineated with geo-information systems. The
study uses the federal state of Lower Saxony and the
Hanover region as a concrete example, in which current
plans with statements on wind energy expansion are
available and many years of experience with the use of
wind energy already exist [23, 24].
The third step is based on the study “Naturally com-
patible energy supply from 100% renewable energies
2050” [7], in the following referred to as EE100. The
central means of presentation in EE100 are three scenar-
ios which are intended to provide a perspective on a
possible human- and nature-compatible energy supply
from renewable energies in the year 2050.
A spatial approach was chosen in EE100 to determine
the potential areas for human- and nature-compatible
electricity production, since available land is a crucial lim-
iting factor for the expansion of renewable energies. In the
scenarios, the areas were selected on which no relevant
risks for humans and nature are expected from wind
power and photovoltaic use. These are, for example, areas
that are already unusable today, such as settlements, infra-
structure, nature reserves and national parks. In addition,
there are the future nature conservation zones to be devel-
oped by 2050, which are to be expected from the land re-
quirements of the implementation of the national
biodiversity strategy [7].
The processing of spatial data in the geographic in-
formation system (GIS) makes it possible to focus
from the national scale to lower levels and thereby to
draw conclusions about the usable area of a federal
state or a region. The correlation of the scientifically
determined potential area with the actual plans cre-
ated by the planning institutions for the purpose of
implementation highlights the many challenges of the
transition of energy systems. In addition to the spatial
analysis of the usable areas, the objectives and the as-
sociated decision-making responsibilities at the differ-
ent levels of the German planning system are
therefore examined in this paper.
Results
Current energy policy and implementation
At the federal level, the Federal Government has set
several targets in a commitment to a strong expan-
sion of renewable energies. As part of the “Renew-
able Energies Directive 2009/28/EC”, Germany
intends to make 18% of gross final energy consump-
tion from renewable sources available by 2020 [25].
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Current figures show that 14% was achieved in 2018
and further expansion is necessary, even though the
share of renewables in the electricity sector is
already 38% [25].
The targets for the expansion of renewable energies
and the specific technologies from the Federal Govern-
ment’s climate protection plan are laid down for the fed-
eral level in the “German Renewable Energy Sources
Act” (EEG [26]). By 2050, 80% of gross electricity con-
sumption is to come from renewable energies. An an-
nual gross addition of onshore wind turbines with an
installed capacity of 2.8 GW in the years 2017 to 2019
and 2.9 GW from 2020 is stipulated for the yield from
wind energy. In this way, 87 GW installed capacity
would be added by 2050. However, the electricity re-
quirement for the year 2050 is not included or fore-
casted in the legal text, so that it remains unknown
whether the proposed expansion will actually achieve
the climate targets.
The law only provides for spatial allocation via the
“reference yield model” and the definition of a grid ex-
pansion area. In principle, the funding of wind-
generated electricity is linked to the yield of the plant, so
the wind speed of the site is the main criterion for an
operator’s choice [27]. In order to enable the use of sites
with lower outputs, so-called correction factors are spe-
cified in § 36 h EEG with the aim of subsidizing higher
or lower yields that deviate from a fixed reference plant.
This “reference yield model” is intended to differentiate
the funding rate at the relevant site and provide incen-
tives for nationwide expansion [27]. However, concrete
requirements or expansion targets for the federal states
are not specified.
§36c EEG 2017 and the supplementary ordinance im-
plement a “grid expansion area” as a reaction to regional
grid congestion. In those areas, the increase in installed
capacity is limited to “58 percent of the annual average
installed capacity commissioned in this area between
2013 and 2015” (EEG 2017 §36c). This article will apply
until the necessary grid expansion has been completed.
The federal grid agency has determined that the north-
ern part of Lower Saxony, Bremen, Schleswig-Holstein,
Hamburg and Mecklenburg-Western Pomerania belong
to this zone (EEAV 2017 §10 [28]). This regulation will
have a very strong influence on the expansion of wind
energy [27], since it is limited above all in the particu-
larly windy regions. However, it should be seen more as
a transitional solution for better integration of grid ex-
pansion and increase the share of the renewables than as
an instrument of spatial planning.
At the national level, statements on the spatial distri-
bution of the objectives of supra-regional interests could
be made by spatial planning, which in Germany is di-
vided into four levels. At the federal level, the objectives
and policies of sustainable spatial planning are defined.
These are to be concretized at the lower levels, but re-
main in the law without spatial reference. In the field of
energy supply, the ROG stipulates that a “cost-effective,
safe and environmentally friendly energy supply” (ROG
[29]) must be achieved. It is necessary to take into ac-
count the spatial requirements of climate protection,
both through measures that prevent climate change and
through adaptation measures (ROG §2 para. 2). The aim
is to create “spatial conditions for the expansion of re-
newable energies, for the economical use of energy and
for the preservation and development of natural sinks
for climate-damaging substances and for the storage of
these substances” (ROG §2 para. 2). These principles are
only vaguely defined in terms of content, and there is no
federal legal hierarchy between the conflicting interests
in many aspects [30].
To concretize these principles, the Standing Conference
of Ministers responsible for Spatial Planning adopted
“Concepts and Strategies for Spatial Development in
Germany”, which in addition to the legal requirements
also refers to the objectives of the climate protection plan
[31]. All necessary actions to increase the share of renew-
able energies are delegated to the lower planning levels. A
cartographic illustration shows the current spatial distri-
bution of renewable energy sources at the time of publica-
tion in 2016 [31], but does not contain any forward-
looking planning and distribution ideas. The hierarchical
planning system in Germany does not provide for top-
down planning of energy plants at national level. In the
conventional energy system with supply via large power
plants at a few locations in the country, comprehensive
planning of energy generation was not necessary.
The spatial determination of the planning occurs at
the federal states level and below. In the spatial planning
programmes of the federal states, energy yield targets
are formulated in the context of energy supply, or mini-
mum area shares for renewable energy generation are
defined [32]. These requirements are supplemented by
state-specific decrees. In Germany, there are currently
14 wind energy decrees with different expansion targets
and specifications such as distance regulations or wind
energy use in forests [33].
The Lower Saxony Wind Energy Decree is also
intended to support the expansion of wind energy use
and provide guidance for regional planning authorities.
The decree regulates the technical supervisory responsi-
bilities of the state, such as immission control, construc-
tion and nature conservation issues. The decree and
corresponding guidelines are intended to support an en-
vironmentally and socially compatible expansion of wind
energy use in Lower Saxony [34].
In addition, the state government prepares regular re-
ports on the energy transition in which the goals and
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implementation strategies for Lower Saxony are de-
scribed. According to the report for 2018, the current in-
stalled capacity of wind energy is 11 GW and is
expected to rise to 20 GW by 2050 [12]. This will be
achieved by installing new wind turbines but also by
repowering 1500 wind turbines state-wide. These have
been in place for 15 to 20 years and must be renewed.
The higher output of the new technologies should sig-
nificantly increase the energy yield without having to ex-
ploit new sites [12].
The spatial planning programme of Lower Saxony re-
fers to the expansion of renewable energies and to the
fact that the regional plans are to be designed accord-
ingly. The wind energy priority areas are to be secured
in binding regional plans. Specific expansion targets will
be set for 10 districts with particularly high wind speeds.
For a total of 1.4 GW of installed capacity, targets are
set in the regional planning programme according to the
yield potential of the regions [34].
In the Wind Energy Decree, supplementary area po-
tentials were calculated for all districts of Lower Saxony.
Even if these are not binding specifications for regional
or urban land use planning, this calculation clearly
shows the contribution that the individual administrative
districts must make in order to achieve the nationwide
expansion target of 20 GW in the long term [34].
For the Hannover region, it was determined from the
state-wide analysis that 1.9% of the total area is suitable
for the production of wind power, which corresponds to
around 59,500 ha. Of this total area, Hannover would
have to use approximately 4400 ha to contribute its
share to the expansion target of 20 GW throughout
Lower Saxony [34]. At the state level, therefore, import-
ant preconditions have already been laid for a large-scale
expansion of wind energy adapted to local conditions.
At the regional level, suitable areas for wind energy use
can be further concretized in “priority areas”. In 2014, a
total of 1620 km [2] were secured nationwide in this way,
which corresponds to about 0.45% of the area of the Fed-
eral Republic of Germany [35]. Whether the yield poten-
tial of these areas is sufficient to achieve the development
goals of renewable energies remains unclear. The actual
yield depends as much on the wind energy technologies
chosen as on the degree of area utilization in practice.
With the Master Plan 2016 [36] and the Regional
Planning Programme 2016 [24], the administration of
the Hannover Region has defined its own goals and stan-
dards for development. The report “Climate-neutral
Hannover Region 2050” aims to decrease greenhouse gas
emissions by 95% while reducing energy demand to 50%
compared with 1990 levels. Three hundred forty-two
megawatts of wind energy is currently installed. By 2050,
this figure is to be increased to 1.15 GW using repower-
ing and more efficient technologies [37].
In the Regional Planning Programme, 31 priority areas
with a total area of 3600 ha were designated for this pur-
pose, which corresponds to around 1.6% of the regions
area [24]. With this amount, two thirds of the electricity
demand forecasted for the Hannover Region in 2050
could be generated. At present, however, the planning
possibilities at the regional level are very limited. Due to
incorrect planning, the wind energy section of the Re-
gional Planning Programme was annulled by the Lüne-
burg Higher Regional Court (5 March 2019). The
planning responsibility, therefore, falls to the 21 cities
and municipalities, and the expansion of wind energy
will thus be carried out on a smaller scale. Each munici-
pality must elaborate land use plans and must give wind
energy “substantial” space in their area, in accordance
with the BauGB (German Federal Building Code). The
term “substantial” is not further defined, and no refer-
ence is made to the nationwide expansion targets. This
can be seen, for example, in the preliminary draft of the
partial land use plan for the city of Barsinghausen [38],
which provides for 4 different variants of the priority
areas for wind energy: with a size of 46 ha in variant C
to 139 ha in variant A. The expected energy yield on
these areas and the city’s contribution to energy transi-
tion are not mentioned as development objectives in
these calculations. Only the area share is given as a rele-
vant parameter.
The example presented shows that there are only very
rough national development goals and that there is no
concrete relationship between the goals of the federal
and state levels or those of the region. It remains unclear
whether the plans and programmes at the lower levels
will achieve the expansion and climate protection objec-
tives at the federal level in their totality.
The scientific approach—comparison of results with
energy scenarios EE100
The comparison of the policy objectives with the scien-
tifically determined expansion potentials with regard to
the expected energy demand also illustrates the current
less target-oriented approach.
In the nationwide potential study EE100 [7], signifi-
cantly higher expansion targets were formulated for all
levels in order to achieve a complete energy supply with
renewable energies. The first step was to determine the
future energy demand of the Federal Republic of
Germany. For the year 2050, it was assumed that all sec-
tors (heat, electricity, transport) are electrified as far as
possible, i.e. that the overall electricity demand will in-
crease. The projection was also based on extrapolated
population and economic development, an electrification
rate in the transport sector, a building renovation rate
and efficiency measures in all areas. This very ambitious
final energy demand development requires 1362 TWh/a
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of energy, composed of 818 TWh/a electricity,
229 TWh/a ambient heat in electric heat pumps and
approx. 315 TWh/a non-electric energy (raw materials
for non-electrifiable processes). In order to compensate
for fluctuations in the diurnal variation and the course
of the year, it was assumed that roughly 50% of the elec-
tricity from renewable sources had to be stored. Due to
the associated conversion and storage losses (approx.
50%), 1227 TWh/a of electricity would have to be avail-
able (converted to the German government’s develop-
ment target of 80% renewable energies by 2050, this
would be 982 TWh/a).
GIS analyses were used to identify those areas in
Germany that are suitable for use by wind power and
photovoltaics on rooftops (low value of the protected re-
sources and low sensitivity to construction-, operation-
and plant-related effects of the energy generation
plants). The potential electricity yield of these areas was
then calculated. Further renewable energies such as geo-
thermal energy, hydropower or selected biomass poten-
tials were also included in the energy mix.
A total of three scenarios with different technology
variation were calculated in the EE100 project. Scenario
I “Current technologies and standards for the protection
of people and nature” was calculated as a basis for com-
parison with currently existing power generation tech-
nologies. In contrast, in scenario II “Technological
trends and expected future technologies in 2050”, the ef-
ficiency level of the PV systems as well as the output
and hub height of the wind turbines was increased. The
scenario III “Technical innovation “plus” for human and
nature” is an extension of the first and second scenarios
to include the yield potential of an innovative wind en-
ergy system. In this way, it becomes clear which electri-
city potentials would arise if the available space was used
by a location-adapted combination of different technolo-
gies (see Table 1).
In this article, scenario II is used as a comparison sce-
nario because it refers to realistic technological develop-
ments up to 2050. The wind turbine used in 2050 has a
rated output of 7.58MW with a hub height of 200 m
and a rotor diameter of 127 m. This plant was simulated
on all suitable areas, even if in real life it would not be
used at all locations due to economic decisions and
would not achieve the optimum number of full load
hours everywhere. In planning practice, the wind turbine
is always selected on a site-specific basis, but this could
not be taken into account in the EE100 project due to
the nationwide consideration.
The potential renewable electricity yield in scenario II
(TA Lärm) is about 1629 TWh/a, of which 483 TWh/a
are generated from wind energy on land. The shares of
the other energy sources are 553 TWh/a from photovol-
taic on rooftops, 113 TWh/a from offshore wind energy,
50 TWh/a from geothermal energy and 24 TWh/a from
hydropower. All potential yields would have to be
exploited to cover the projected energy demand (electri-
city, heat and non-electric energy) in 2050 (see Fig. 1).
According to Walter et al. [7], this requires around
240 GW installed capacity using the very powerful wind
energy power plants (7.5 MW). If these scientific results
are reduced to the government’s 80% target, the demand
will be 192 GW. This is significantly more than stipu-
lated in the plans and programmes of the Federal Gov-
ernment (see Table 2).
In EE100, the yield potentials were determined inde-
pendently of administrative boundaries according to the
wind conditions of the sites and the sensitivity of human
and nature. This results in a heterogeneous distribution
within the federal territory and different contributions to
the expansion of renewable energies for the federal
states. According to Walter et al. [7], an installed cap-
acity of 81 GW would be necessary in Lower Saxony
due to the high wind speed in the coastal areas in order
to achieve the scenario goal of a 100% supply nation-
wide. This corresponds to approx. 11,000 of the
powerful wind turbines in this federal state.
Even if the less ambitious expansion targets of the
federal government were accepted, 65 GW of installed
capacity would have to be achieved in Lower Saxony.
Here, too, there is a clear discrepancy between the model-
ling and the political target of 20 GW of installed capacity.
For the Hannover Region, EE100 calculated that
4.5 GW (respectively 3.6 GW) of installed capacity
can and should be used for electricity from human-
and nature-compatible wind energy. This corresponds
to around 600 power plants and is thus well above
the climate protection targets of the Hannover
Table 1 Characteristics of onshore wind turbines in the scenarios of the study “Naturally compatible energy supply from 100%
renewable energies 2050” (Walter et al. 2018)
Technology Scenario I: “status quo” current technologies
and standards for the protection of
people and nature
Scenario II: technological trends
and expected future technologies
in 2050
Scenario III: technical innovation
plus for man and nature
Rated power 3.0 MW 7.58 MW 13 kW 3.0 MW 7.58 MW
Hub height 122 m 200m 13.5 m 122m 200m
Rotor diameter 115.7 m 127m – 115.7 m 127m
Sound power level 105.0 dB[A] 108.5 dB[A] – 105.0 dB[A] 108.5 dB[A]
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Region, which wants to achieve around 1.15 GW of
installed capacity.
Discussion
The calculation of the scientific approach is subject to
some uncertainties when determining the future energy
demand or the potential energy production areas. The
present study is based on the energy demand calcula-
tions from the EE100 project, which assumed very ambi-
tious savings targets for all consumption sectors. A
comparison of these assumptions with other potential
studies shows that they are selected and weighted very
differently [4–6]. What they all have in common is that
they assume a reduction in energy demand to around
Fig. 1 Comparison between the potential to generate electricity in 2050 in a way compatible to nature and humans and a projected energy
demand (according to Walter et al. [7], modified)
Table 2 Policy targets, status of implementation and necessary expansion of onshore-wind energy by 2050 on different planning
levels in Germany
Level Policy target for the expansion
of wind energy by 2050 (installed cap.)
Status of implementation in
2018 (installed cap.)
Necessary expansion according
to EE100 (installed cap.)
Nation 137 GW1 50 GW2 240 GW5
Lower Saxony (federal state) 20 GW3 11 GW3 81 GW5
Hannover Region (region) 1.15 GW4 342 MW4 4.5 GW5
1German Renewable Energy Sources Act 2017 (EEG)
2BMWi Bundesministerium für Wirtschaft und Energie (Hg) [25]
3Niedersächsisches Ministerium für Umwelt, Energie, Bauen und Klimaschutz (ed) [12]
4Klimaschutzagentur Region Hannover (ed) [37]
5Walter et al. [7]
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half of today’s consumption. This would require inten-
sive energy efficiency measures to be implemented. It
can therefore be expected that the real demand in 2050
will be higher than assumed here. The development of
demand-oriented expansion targets therefore remains a
challenge as they depend on the achievement of the en-
ergy efficiency targets.
The calculation of usable land potential is also not
clear in all land categories. It depends strongly on the
quality of the underlying geodata. These are not always
available nationwide or are collected in varying degrees
of detail by the federal states. An uncertainty analysis of
the GIS model is currently being prepared in order to
improve the results of the analyses.
However, the scientific scenarios and GIS analyses
show that the potentials for renewable energies can be
represented spatially and overlaid with the nature con-
servation restrictions concerning the allocation of the
plants. This opens up possibilities not only for a selec-
tion of plant types and their distribution in space that is
compatible with human well-being and nature, but also
for the calculation of the energy potential for any given
area. This also makes it possible to calculate at the fed-
eral level how much energy can be produced in an envir-
onmentally friendly manner in 2050 and whether this is
sufficient, for example, to fulfil the Paris Agreement and
which conflicts of objectives between nature conserva-
tion and climate protection may remain.
If the expansion of renewable energies is downscaled
to regions and municipalities, their respective contribu-
tion will be very different, since the human- and nature-
compatible production potential of the individual energy
sources is distributed spatially differently. A site-specific
expansion cannot be achieved with the currently existing
economic incentive mechanisms and legal requirements
that are not related to space. Although spatial planning
at the regional level can take a spatially differentiated ap-
proach, it cannot ensure that the amount of energy re-
quired for the federal objective is generated. The federal
level would therefore have to take action here.
The tasks to be undertaken at the respective levels are
therefore not clearly defined. Even if it is assumed that
the responsible federal level can hardly handle the entire
implementation and that a large part of the responsibil-
ity for implementation or consideration is left to the
lower levels, at the same time, there are no mechanisms
available which can ensure that the targets with regard
to the energy transition are achieved [16].
In principle, there would have been many advantages,
also in the sense of the 12 principles mentioned above
according to Mostert [22], if the lower levels had also
been assigned responsibility for planning and implemen-
tation. For this to happen, however, there would have to
be sufficient interest on the local level (principle 4) in
the complete implementation of the energy transition
and the capacities (principle 1) would have to be avail-
able. This does not seem to be the case at present, even
though support for renewable energy is generally high
among the general population. The acceptance of wind
energy in particular has fallen significantly [11], and so,
judicial reviews of regional plans and designated priority
areas are becoming increasingly frequent, whether by
subordinate municipalities or other actors. In 2015, for
example, regional plans were declared temporarily inad-
missible in the entire federal state of Schleswig-Holstein
until the Higher Administrative Court carried out a de-
tailed examination [39]. In the Hannover region, too, the
legal disputes and protracted approval procedures block
the development and the project planners of the wind
turbines are under economic pressure [40]. The expan-
sion of wind energy use is therefore currently not pos-
sible, and the region will not be able to achieve its
climate targets for 2020 [41]. If planning is not carried
out using the instrument of regional planning priority
areas, wind energy plants can only be planned by indi-
vidual municipalities within the framework of communal
urban land use planning. The necessary large-scale ex-
pansion is thus clearly inhibited and is neither cost- nor
area-efficient. Also, the systematic expansion on areas
with high wind speed and at the same time low risk of
impairment of nature and landscape is no longer neces-
sarily given, and the human and nature compatibility of
the wind energy use is not guaranteed at all sites.
An increase in land usage is to be expected if the
plants are constructed on less suitable sites. Due to con-
ditions imposed by the licencing authorities, they often
have to be shut down in certain phases. This is done, for
example, during the phase of breeding of endangered
bird and bat species. Limited operation is also possible
in special weather conditions, e.g. when strong winds
from certain directions increase noise pollution and the
adjacent settlement is impaired. In addition, possible
times of cast shadows during the operation of the plant
must be taken into account, which also lead to the shut-
down of the plant. Each form of shutdown causes lower
electricity yields of the individual plants, so that more of
them have to be installed in total.
Conclusions
The study shows that governance in the field of renew-
able energies in Germany has not yet been adequately
structured. The assumption formulated at the beginning
is therefore not correct, that only incentives and the un-
derstanding of the regional authorities are sufficient to
achieve the supra-regional goal of a sustainable transi-
tion to renewable energies. The example of wind power
generation makes it very clear that mandatory and inter-
dependent targets must first be defined for the various
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decision-making levels. If these are clearly structured,
governance can be designed in accordance with Mos-
tert’s principles [22].
A nationwide coordinated strategy with clearer develop-
ment goals is necessary to ensure that regions and munici-
palities become aware of their responsibility within the
framework of the entire goal. At the same time, however,
they must not relinquish their decision-making sover-
eignty in spatial planning or land use issues [7].
With the help of the GIS analysis shown, the potential
areas at different spatial levels can be determined, on the
basis of which expansion targets for renewable energies
can be defined. The first step is to break down the na-
tional energy targets to the lower political decision-
making levels, with a stronger binding effect than cur-
rently. This framework must be communicated clearly
and transparently and must be given interdepartmental
binding force in its implementation at the lower decision-
making levels. This could be achieved by establishing a na-
tional sectoral planning for energy generation, analogous
to the network development planning [7, 30].
The unplanned allocation of wind turbines could be
counteracted through a planning obligation on the part of
the municipalities and the use of areas that are suitable
from a nature and spatial planning point of view could be
achieved. At the same time, the construction of individual
plants in less suitable areas can be prevented in this way.
Clear development targets at the lower levels and a
control mechanism at the federal level make it possible
to monitor the success of the energy transition and
make it clear whether the targets have been achieved or
where adjustments need to be made: What happens if
everyone acts like us? What contribution does our re-
gion have to make and how can we exchange ideas with
others (see Fig. 2)? [7].
At the federal level, it would be possible to continu-
ously identify the need for additional control by compar-
ing the (interim) results achieved with the framework
conditions set and the (interim) objectives of the energy
transition [7]. It is hoped that the German “Energie-
wende” will be a success story if it becomes clear what
role both society and each individual has in fulfilling this
goal.
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